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Abstract
To describe the dispersion effects, the high order Boussinesq (FUNWAVE) is adopted to simulate the tsunami
propagating from Manila Trench to the South China Sea region. The Okada model is employed to generate tsunami,
the surface elevation and depth-averaged horizontal velocity at t=5 min computed by the shallow water equations
are then interpolated to serve as the initial condition of the Boussinesq model. Different tsunami propagation
scenarios with magnitude of Mw=8.0 are presented, and the arrival time and tsunami wave distribution are described
and analyzed for the assessment of tsunami hazard near coasts around South China Sea. It is concluded that the
dispersion effects in South China Sea is not significant.
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1. Introduction
In recent a decade, two excessive tsunamis have produced devastating damage around the Indian and Pacific
Oceans. The 2004 Indian Ocean tsunami has led to death of more than 200,000 people, and highlighted inherent
vulnerabilities of coastal communities to extreme hazards (Fujii and Satake, 2007). The 2011 Japan Tohoku tsunami
brought a death toll at more than 15,000 and extensive damaged coastal infrastructures, such as Fukushima Nuclear
Power Plant and Sendai Airport (Popinet, 2012). Although they did not bring severe damage to China Coast, it is
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necessary to pre-calculate and investigate the tsunami impacts due to the potential tsunami sources near China Coast
(Ren et al., 2012).
Most researchers rely on shallow water equations to simulate global-scale tsunami, for predicting tsunami
propagation and surface elevation (Liu et al., 2009; LeVeque et al., 2011). While recent studies insist on dispersion
effects may show significance for smaller scale earthquake tsunami, long distance propagation of co-seismic tsunami,
or landslide-induced tsunami (Glimsdal et al., 2013; Kirby et al., 2013). The evidences of dispersion effects have
been found by Glimsdal et al. (2006) and Grilli et al. (2007) in the 2004 Indian Ocean tsunami, also in the 2011
Tohoku tsunami (Grilli et al., 2013; Kirby et al., 2013).
Using a simple subduction zone model, Zhao et al. (2014) reported scenarios of tsunami induced by earthquake
in Manila Trench using the Boussinesq equations. The motivation of the present research is to understand the effects
of dispersion on tsunami propagation in South China Sea through comparing the numerical results computed by the
Boussinesq equations. The impacts of tsunami of magnitude Mw=8.0 for different plates along Manila Trench are
assessed in terms of arrival time and maximum wave height distribution. The dispersion effects on the tsunami
propagating in South China Sea are investigated.
2. Numerical model
The weakly dispersive model (FUNWAVE) is used to simulate tsunami propagation in this study. It contains
several types of wave generation method, such as solitary wave, N-wave, Gausian hump, etc., but it can not generate
real tsunami. To solve this problem, Grilli et al. (2012) and Kirby et al. (2013) used non-hydrostatic wave model
NHWAVE (Ma et al., 2012) to model Okada’s solution for the first 5 min of tsunami generation. Then the surface
elevation and the depth-averaged horizontal velocity at t=5 min are interpolated over the spherical FUNWAVE.
In this paper, the nonlinear shallow water equations model (GeoClaw), which has successfully coupled Okada
model, is used to generate tsunami (LeVeque et al., 2011). The seafloor deformation can be calculated by Okada
model, which is derived from a Green’s function solution to the elastic half space problem (Okada, 1992). Uniform
displacement over a finite rectangular patch specified using the earthquake parameters, leads to a steady state solution
in which the free surface is deformed. The wave field at the first 5 min from the tsunami beginning is simulated with
the shallow water equations. The surface elevation and depth-averaged horizontal velocity at t=5 min are then
interpolated in the spherical-coordinate version of the Boussinesq model to simulate tsunami propagation.
The Boussinesq model is based on fully nonlinear, weakly dispersive Boussinesq equations on the surface of a
rotating sphere. The conservative form of the governing equations can be recalled
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where Cd denotes drag coefficient,φ and θ refer to longitude and latitude, f is Coriolis parameter, 0r is the earth
radius. H h η  , is total water depth.  ,u vα α represents the horizontal velocity in the easterly and northerly
directions, while 0.39α   , corresponding to the choice 0.53z hα  , which minimizes the maximum error in
wave phase speed occurring over the range 0 kh π  .
3. Tsunami source along Manila Trench
The Manila Trench is located west of the islands of Luzon and Mindoro in the Philippines, with a length of 1500
km. This subduction zone has intense geological activity, since the Eurasian Plate subducts the Philippine Sea Plate
at a speed of 70 mm/year (Lin, 2000). The USGS tsunami work shop reported that the Manila subduction zone,
Ryukyu subduction zone and N. Sulawesi subduction zone are the potential tsunami sources (Kirby, 2006), as shown
in Fig. 1. (a). The Manila subduction zone is regarded as a highly hazardous tsunamigenic earthquake source. Once
earthquake happen, the tsunami generated from Manila Trench will propagate toward the coast around South China
with a high speed around 700 km/h. South China (Fujian, Guangdong, Hainan, Macao, Hong Kong and Taiwan),
Philippine, Indonesia, Vietnam will be attacked by the tsunami. The USGS Workshop proposed six hypothetical
fault planes based on the trench azimuth as shown in Fig. 1. (b) (Kirby, 2006). Liu et al. (2009) has given width of
sources determined from empirical formula to compose the source parameters with Mw=8.0, shown in Table 1.
Table 1. Hypothetical fault parameters along Manila Trench (Liu et al., 2009)
Fault Lon. Lat. Length Width Strike Dip Rake Slip
(deg.) (deg.) (km.) (km.) (deg.) (deg.) (deg.) (m)
E1 120.5 20.2 160 35 10 10 90 6.68
E2 119.8 18.7 180 35 35 20 90 5.94
E3 119.3 17.0 240 35 359 28 90 4.45
E4 119.2 15.1 170 35 3 30 90 6.29
E5 119.6 13.7 140 35 320 22 90 7.63
E6 120.5 12.9 100 35 293 26 90 10.69
891 Zhiyuan Ren and Hua Liu /  Procedia Engineering  116 ( 2015 )  888 – 896 
Fig. 1. (a). Subduction zones near/in South China Sea; (b). Fault distribution along Manila Trench (Kirby, 2006).
4. Modeling tsunami hazard from Manila Trench
In this section, the dispersion effects for the tsunami of Mw=8.0 are investigated. The bathymetry data from
ETOPO1 with 2 minutes resolution is used in this study. The numerical domain ranges from 99E to 130E, and 1S to
33N, shown in Fig. 2. Seven locations near important cities along China Coast (Xiamen, Shantou, Hong Kong,
Zhanjiang, Sanya, Kaohsiung, and Kenting), three locations near islands in South China Sea (Yongshu Island,
Huangyan Island, and Zhongsha Island), and other three locations (Quy Nhon, Brunei, and Manila) are selected to
investigate the tsunami wave parameters along the coast in South China Sea. The Manning coefficient is 0.024 in
the region for the computation. The sponge layers are 20 km thick along the open boundaries to eliminate the
reflection of tsunami wave on the boundaries.
Fig. 2. Computational domain.
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To investigate the dispersion effects of waves on the tsunami propagation in South China Sea, the tsunami trigged
by the first segment E1 in Table 1 for the earthquake model with Mw=8.0 is modeled. Uniform 2-min grid is using
in the following computations. The far-field propagation of tsunami in South China Sea is simulated with the
Boussinesq model, initialized by the Okada model and the shallow water equations. The dispersion term can be turn
off, and the Boussinesq equations will be reduced to the shallow water equations easily.
Fig. 3 shows the maximum wave height distribution triggered by segment E1 using the Boussinesq equations and
the shallow water equations, respectively. Only a little difference exists between the two results. A comparison of
the time series of surface elevation at the given points with and without dispersion is presented in Fig. 4. Basically,
the computed arrival time, amplitude, and frequency content using the Boussinesq model at Sanya, Kenting,
Zhongsha Island, and Quy Nhon show agreement with that obtained using the shallow water equations. These two
models do not produce significant difference in terms of leading wave height and wave frequency several hours after
the earthquake. Generally, the tsunami with magnitude Mw=8.0 does not generate much dispersion effects on the
tsunamis propagation in South China Sea.
According to the parameter named dispersion time defined by Glimsdal et al. (2013), the dispersion effect of
tsunami depends on the wavelength, water depth and propagation distance. While the average water depth is around
1200 m, and the distance of tsunami propagation is limited in South China Sea, so the tsunami in South China Sea
can not generate too much dispersion effects.
Fig. 3. Maximum wave height distribution (left: Boussinesq equations, right: Shallow water equations).
The Boussinesq model is used to reproduce tsunami triggered by other five fault segments with magnitude
Mw=8.0, respectively. The maximum wave height distributions, combined with contours of arrival time are depicted
in Fig. 5. The contours of arrival time are constituted by 0.5h, 1h, 2h, 3h, and 4h, which are from the tsunami source
to the far-field of wave. The tsunami wave amplitude distribution is influenced by the orientation of tsunami source
and topography boundary. Therefore, only tsunami wave induced by E1 partly propagates into West Pacific Ocean,
while the energy of tsunami wave generated by other segments completely release in South China Sea. It is
summarized the following conclusion for each fault segment:
(1) The tsunami triggered by segment E1 will arrive in the south coast of Taiwan and north Philippine in less
than 0.5 h. The tsunami will attack Hainan, Guangdong, and Vietnam in 2 h. Guangdong, south Taiwan,
and north Philippine endure most tsunami hazard.
(2) The segment E2 makes similar arrival time with E1 for most regions.  Guangdong, south Taiwan Island,
and north Philippine will absorb most tsunami energy.
(3) The segment E3 mainly affects Hainan, Guangdong, and Vietnam in 2 h.
(4) The trend of tsunami propagation from segment E4 has been divided into two parts by Zhongsha Island.
Vietnam will be attacked by the tsunami in 2 h, while Hainan, Guangdong, and Fujian need more than 2
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h.
(5) The tsunami from segment E5 only influences South Vietnam and Philippine. The travel time to most
China Coast needs 3 h.
(6) The most distribution of tsunami energy triggered by E6 is near Philippine, but there is some kind
influence on China coast. The tsunami will arrival in China coast in 2 h, or more than 3 h.
a. Sanya b. Kenting
c. Zhongsha Island d. Quy Nhon
Fig. 4. Time series of surface elevation for Mw=8.0 with and without dispersion.
Table 2 lists the maximum wave heights and travel time at the interested locations around South China Sea for
the cases induced by every segment, which we are most concerned about. The tsunami has less influence on Xiamen
and Zhanjiang, and they need longer travel time. Hong Kong, Sanya, and Shantou will be affected more significantly
by the tsunami, while the arrival time exceeds 2 h for most segments. The Yongshu Island has less affected by the
tsunamis from all segments than Zhongsha Island and Huangyan Island in the reason of its location. Kaohsiung and
Kenting are affected most heavily by segment E1, E2 and E3 in less than 1 h. Quy Nhon is threatened by segment
E3 and E4 more than others in around 2 h, while Brunei has small tsunami wave and longer travel time. Manila is
threatened by all the segments in short time.
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Fig.5. Maximum wave height distribution and contours of arrival time.
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Table 2 Maximum wave heights and travel time at observations around South China Sea
Location Maximum wave height (m) Arrival time (h)
E1 E2 E3 E4 E5 E6 E1 E2 E3 E4 E5 E6
Xiamen 0.02 0.02 0.03 0.02 0.02 0.02 2.58 2.78 3.19 3.58 3.97 4.15
Shantou 0.07 0.07 0.04 0.05 0.03 0.06 1.86 2.00 2.20 2.58 2.86 3.10
Hong Kong 0.07 0.08 0.08 0.08 0.06 0.11 2.72 2.64 2.70 2.92 3.18 3.44
Zhanjiang 0.02 0.03 0.05 0.08 0.03 0.05 4.17 4.13 4.13 2.93 4.42 4.69
Sanya 0.03 0.04 0.08 0.07 0.06 0.11 2.44 2.40 2.40 2.45 2.61 2.89
Yongshu 0.01 0.02 0.04 0.04 0.04 0.05 1.78 1.63 1.38 1.12 1.21 1.38
Huangyan 0.05 0.06 0.26 0.93 0.16 0.14 0.67 0.46 0.19 0.08 0.00 0.41
Zhongsha 0.08 0.10 0.47 0.63 0.17 0.13 0.83 0.66 0.61 0.61 0.62 0.84
Kaohsiung 0.31 0.20 0.08 0.10 0.05 0.11 0.42 0.69 0.94 1.31 1.56 1.82
Kenting 0.50 0.40 0.15 0.07 0.03 0.07 0.25 0.53 0.78 1.13 1.39 1.62
Quy Nhon 0.03 0.04 0.19 0.25 0.16 0.16 2.17 2.04 1.90 1.82 1.81 1.98
Brunei 0.01 0.02 0.05 0.05 0.04 0.06 3.39 3.28 3.03 2.83 2.75 3.01
Manila 0.05 0.10 0.27 0.57 0.77 0.49 1.11 0.93 0.54 0.35 0.32 0.44
5. Concluding remarks
The high order dispersive Boussinesq equations and the shallow water equations coupled Okada model are used
to simulate tsunami propagation from potential source along Manila Trench to the coastal regions in South China
Sea. This study first investigates the dispersion effects of tsunami propagating across South China Sea. It is
concluded that the dispersion effects of tsunami from Manila Trench is not significant. Different tsunami propagation
scenarios with magnitude Mw=8.0 are presented, and the arrival time and tsunami wave distribution are analyzed.
The numerical results show that coasts around north of South China Sea are high tsunami-risk regions, including
South China (Hainan, Guangdong, part of Fujian, and Taiwan), and Philippines, Vietnam, etc. Buoys inversion
method has been applied to study the tsunami early warning system in South China Sea (Liu et al., 2009; Ren et al.,
2014).
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